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(57) ABSTRACT

A method for detecting a channel bandwidth for a signal,
comprises the steps of: determining a differential operator
between carriers of the signal; determining a signal power for
the signal; and detecting the channel bandwidth as a function
of the determined differential operator and the determined
signal power, wherein the signal is processed as a function of
the detected channel bandwidth.
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1
CHANNEL BANDWIDTH DETECTION

FIELD OF INVENTION

This invention relates to wireless communications, and, in
particular, to methods for channel bandwidth detection for
wireless local area networks (“WLAN”).

BACKGROUND

WLAN systems are ubiquitously used in today’s commu-
nications systems, and, in particular, are used to connect
mobile devices to the internet via an access point. The mobile
devices can freely move in a local coverage, while still being
connected to the WLAN via wireless distribution methods,
e.g., by orthogonal {frequency division multiplexing
(“OFDM”) signals. WLAN systems have become popular
due to its ease of installation and use.

Most modern WL AN systems are based on IEEE 802.11
standards, and marketed under the mark “Wi-Fi”. In particu-
lar, the 802.11a,802.11n, 802.11ac, etc. standards are specific
WLAN standards for band transmissions using OFDM sig-
nals. In some of these 802.11 standards, each channel is 20
MHz wide (or multiples of two thereafter), and the center
frequencies of adjacent channels are 20 MHz apart (or mul-
tiples of two thereafter).

FIG. 1 illustrates channelization for the IEEE 802.11a, n,
and ac standards. For the 802.11a standard, channels 10 can
have a channel bandwidth of up to 20 MHz. For the 802.11n
standard, channels 12 can have a channel bandwidth of up to
40 MHz. For the 802.11ac standard, channels 14 and 16 can
have a channel bandwidth of up to 80 MHz or 160 MHz. Also,
for the 802.11ac standard, adjacent 20 MHz subchannels can
be grouped into pairs to make 40 MHz channels, and then
adjacent 40 MHz subchannels can be grouped into pairs to
make 80 MHz channels. Additionally, adjacent 80 MHz sub-
channels can be grouped into pairs to make the 160 MHz
channels. Using a wider channel bandwidth can advanta-
geously increase capacity, i.e., the transfer rate from a trans-
mitter to a receiver. For instance, a 40 MHz channel has
greater capacity than a 20 MHz channel, and so on.

As older and newer WLAN standards are concurrently
used, devices (e.g., laptops, tablets, mobile phones, etc.) must
be able to distinguish the various WL AN standards and chan-
nel bandwidth size. Accordingly, it is important to accurately
determine the bandwidth between communicating devices.
Current systems and devices typically rely on default band-
width settings and/or query a user at application start-up to
identify the bandwidth of their local system. However, most
users do not know the bandwidth associated with their com-
munications system. Thus, it would be beneficial to provide a
mechanism to automatically detect the channel bandwidth of
a communications system.

SUMMARY OF INVENTION

An object of this invention is to provide efficient and reli-
able methods and systems for channel bandwidth detection.

Another object of this invention is to provide methods and
systems for channel bandwidth detection that can resist large
frequency offset.

Yet another object of this invention is to provide methods
and systems for channel bandwidth detection by using a dif-
ferential operator between carriers of the signal.

Briefly, the present invention discloses methods and sys-
tems for detecting a channel bandwidth for a signal, com-
prises the steps of: determining a differential operator
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between carriers of the signal; determining a signal power for
the signal; and detecting the channel bandwidth as a function
of the determined differential operator and the determined
signal power, wherein the signal is processed as a function of
the detected channel bandwidth.

An advantage of this invention is that efficient and reliable
methods and systems for channel bandwidth detection are
provided.

Another advantage of this invention is that methods and
systems for channel bandwidth detection that can resist large
frequency offset are provided.

Yet another advantage of this invention is that methods and
systems for channel bandwidth detection of a signal using a
differential operator between carriers of the signal are pro-
vided.

DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects, and advantages
of'the invention can be better understood from the following
detailed description of the preferred embodiment of the
invention when taken in conjunction with the accompanying
drawings in which:

FIG. 1 illustrates channelization of IEEE 802.11 standards.

FIG. 2 illustrates a flow chart of the present invention for
channel bandwidth detection.

FIG. 3 illustrates a block diagram of the present invention
for channel bandwidth detection.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following detailed description of the embodiments,
reference is made to the accompanying drawings, which form
a part hereof, and in which is shown by way of illustration of
specific embodiments in which the present invention may be
practiced. The following illustrations provide an example for
determining whether a 20 MHz or 40 MHz channel band-
width is used for a WLAN signal. However, it is understood
by a person having ordinary skill in the art that the present
invention can be applied for determining a channel bandwidth
for any number of WLAN standards and for more than two
channel bandwidths.

Typically, a transmitter, e.g., an access point, can use a 20
MHz channel bandwidth or a 40 MHz channel bandwidth to
transmit a signal to a receiver, e.g., a laptop or mobile phone.
The transmitter can dynamically change the channel band-
width based upon the availability of the 40 MHz bandwidth.
Thus, the receiver must detect whether the signal is transmit-
ted via a 20 MHz channel or a 40 MHZ channel.

FIG. 2 illustrates a flow chart of the present invention for
channel bandwidth detection for a signal. First, a signal is
received 20 by a receiver for processing. Typically, a Fast
Fourier Transform (“FFT”) is applied to the signal to obtain
the signal in the frequency domain, y(k), where k is the
frequency carrier number. The receiver can apply a differen-
tial operator between carriers for a predefined number of
samples of the signal y(k). The receiver can also determine a
signal power of the received signal 24 for the predefined
number of samples of the signal y(k).

To optimize performance and channel bandwidth detec-
tion, typically 64 samples of the signal y(k) can be used for
determining the signal power and a differential operator
between carriers of the signal. Thus, the differential operator
diff[k] can equal:

difflk] =y /K] *v[k+32]*, for k=[0,31] Equation [1]
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In this manner, a first half of the FFT transformed samples of
the signal and a second half of the FFT transformed samples
of the signal are combined to obtain the differential operator
diff[k].

The signal power P [k] can equal:

P [k]=y[k]*y(k]*, for k=[0,63].

Itisunderstood by a person having ordinary skill in the art that
other numbers of samples can be used depending on perfor-
mance needs and system requirements. For instance, 32
samples of the signal can be used; 128 samples of the signal
can be used; and other numbers of samples of the signal can
be used.

The channel bandwidth can be determined as a function of
the determined differential operator difffk] and the deter-
mined signal power P [k] 26. A differential sum S ;- of the
differential operator diff{k] for k=0, 1, 2, . . . 31 can be
calculated by the following equation:

Equation [2]

S i Zimg” IR

A power sum S, of the signal power P [k] for k=0, 1,
2, ... 63 can be calculated by the following equation:

Equation [3]

S, Zio Ik [KT*).
Next, the differential sum can be squared and the power sum
can be squared. The squared differential sum can be divided
by the squared power sum to provide a quality indication
value Q, as follows:

Equation [4]

_ Saigr - Sty Equation [5]

T8-S,

The quality indication value can be compared against a
threshold value to determine whether the signal has a 40 MHz
channel bandwidth or a 20 MHz channel bandwidth. The
general threshold value can be determined based on the worst
case scenario of the reception of the signal. Major factors for
determining the general threshold value can be the signal-to-
noise ratio and any frequency offset. Generally, if the signal is
noise free then the quality indication is equal to 1. In the worst
case scenario, the quality indication is around 0.1 to 0.2.
However, for most cases, the quality indication is around 0.4
to 0.8.

If there are more than one possible channel bandwidths,
then there can be several other threshold values for determin-
ing whether the actual channel bandwidth of the signal falls
within one of the possible channel bandwidths.

Alternatively, if there are three possible bandwidth values,
e.g., 40M/80M/160M, at the same time, then three Qs can be
calculated, one Q for each of the possible bandwidths. The
maximum Q value can be compared to the threshold value. If
the maximum Q is greater than the threshold value, then the
respective bandwidth of the maximum Q value is selected.

FIG. 3 illustrates a block diagram of the present invention
for channel bandwidth detection. A channel bandwidth detec-
tor of the present invention comprises a FF'T block 30, abuffer
32, a differential operator calculator 34, a signal power cal-
culator 36, a quality calculator 38, and a threshold compari-
son block 40. A predefined number of samples (e.g., 64
samples) of a signal is inputted to the FFT block 30 for
processing. The FFT block 30 can apply a Fast Fourier Trans-
form on the predefined number of samples to transform the
signal into the frequency domain.

The FFT transformed signal is inputted to the buffer 32,
differential operator calculator 34, and the signal power cal-
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culator 36. The buffer 32 delays half ofthe predefined number
of samples of the signal, before outputting the buffered
samples to the differential operator calculator 34. The differ-
ential operator calculator 34 calculates the differential opera-
tor diff[k] according to Equation [1]. Next, the differential
sum S, -of the differential operator diff[k] fork=0, 1,2, ...
31 can be calculated by the differential operator calculator 34
according to Equation [3]. The differential sum can then be
squared. The squared differential sum IS diﬁlz can then be
outputted to the quality calculator block 38.

The signal power calculator 36 can calculate the signal
power P_[k] according to Bquation [2]. The power sum S, for
the signal power P [k] for k=0, 1, 2, . .. 63 can be calculated
according to the Bquation [4]. The power sum S, can then be
squared. The squared power sum ISyI2 can then be outputted
to the quality calculator block 38.

The quality calculator block 38 divides the squared power
sum ISyI2 into the squared differential sum IS diﬁlz to obtain a
quality value (“Q”). The threshold comparison block 40 then
compares the quality value to a threshold value(s) to deter-
mine the channel bandwidth for the signal.

While the present invention has been described with refer-
ence to certain preferred embodiments or methods, it is to be
understood that the present invention is not limited to such
specific embodiments or methods. Rather, it is the inventor’s
contention that the invention be understood and construed in
its broadest meaning as reflected by the following claims.
Thus, these claims are to be understood as incorporating not
only the preferred apparatuses, methods, and systems
described herein, but all those other and further alterations
and modifications as would be apparent to those of ordinary
skilled in the art.

We claim:
1. A method for detecting a channel bandwidth for a signal,
comprising the steps of:

determining a differential operator between carriers of the
signal;

determining a signal power for the signal; and

detecting the channel bandwidth as a function of the deter-
mined differential operator and the determined signal
power,

wherein the signal is processed as a function of the detected
channel bandwidth,

wherein a quality value is determined as a function of the
determined differential operator and the determined sig-
nal power,

wherein a quality value is determined as a function of the
determined differential operator and the determined sig-
nal power,

wherein the quality value is compared with one or more
predefined threshold values to determine the channel
bandwidth for the signal,

wherein the quality value (“Q”) is equal to the following:

_ Saig - Sag
5,5,

wherein S, - is a summed differential operator, wherein
Sz 1s the conjugate of the summed differential opera-
tor, and wherein Sy is the summed signal power.

2. The method of claim 1 wherein a predefined number of
samples of the signal are transformed using a FFT transform
and wherein the determined differential operator is deter-
mined based upon the FFT transformed samples of the signal.
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3. The method of claim 2 wherein a first half of the FFT
transformed samples of the signal and a second half of the
FFT transformed samples of the signal are combined to deter-
mine the determined differential operator.

4. The method of claim 3 wherein the determined differ-
ential operator is summed (“S ;") as follows:

31

Sag =y YKl ylk + 320"
k=0

wherein the y[k] function is the FFT transformed samples of
the signal and the predefined number of samples of the signal
is equal to 64 and wherein the y[k+32]* function is a complex
conjugate of the y[k] function.

5. The method of claim 1 wherein a predefined number of
samples of the signal are transformed using a FFT transform
and wherein the determined signal power is determined based
upon the FFT transformed samples of the signal.

6. The method of claim 5 wherein signal power values for
each of the FFT transformed samples of the signal are deter-
mined and wherein the signal power values are summed.

7. The method of claim 6 wherein the summed signal
power values (“Sy”) are obtained by multiplying the signal at
a certain sampling point with a conjugate signal at a certain
sampling point.

8. The method of claim 7 wherein the summed signal
power values are equal to the following:

wherein the y[k] function is the FFT transformed samples of
the signal and the predefined number of samples of the signal
is equal to 64 and wherein the y[k]* function is a complex
conjugate of the y[k] function.
9. A method for detecting a channel bandwidth for a signal
by a receiver, comprising the steps of:
determining a differential operator between carriers of the
signal, wherein a predefined number of samples of the
signal are transformed using a FFT transform, wherein
the determined differential operator is determined based
upon the FFT transformed samples of the signal, and
wherein a first half of the FFT transformed samples of
the signal and a second half of the FFT transformed
samples of the signal are combined to determine the
determined differential operator;
determining a signal power for the signal; and
detecting the channel bandwidth as a function of the deter-
mined differential operator and the determined signal
power,
wherein the signal is processed by the receiver as a function
of the detected channel bandwidth,
wherein the determined differential operator is summed
(“Sz#) as follows:

31

Sag =y, vkl ylk +32]°
k=0

wherein the y[k] function is the FFT transformed samples
of'the signal and the predefined number of samples of the
signal is equal to 64, and
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wherein y[k+32]* function is a complex conjugate of the
y[k] function.

10. The method of claim 9 wherein a predefined number of
samples of the signal are transformed using a FFT transform
and wherein the determined signal power is determined based
upon the FFT transformed samples of the signal.

11. The method of claim 10 wherein signal power values
for each of the FFT transformed samples of the signal are
determined and wherein the signal power values are summed.

12. The method of claim 11 wherein the summed signal
power values (“Sy”) are obtained by multiplying the signal at
a certain sampling point with a conjugate signal at a certain
sampling point.

13. The method of claim 12 wherein the summed signal
power values are equal to the following:

wherein the y[k] function is the FFT transformed samples of
the signal and the predefined number of samples of the signal
is equal to 64 and wherein the y[k]* function is a complex
conjugate of the y[k] function.

14. The method of claim 9 wherein a quality value is
determined as a function of the determined differential opera-
tor and the determined signal power, and wherein the quality
value is compared with one or more predefined threshold
values to determine the channel bandwidth for the signal.

15. The method of claim 14 wherein the quality value (“Q”)
is equal to the following:

_ SugSag
5,5,

wherein S, -is a summed differential operator, wherein S ; /*
is the conjugate of the summed differential operator, and
wherein Sy is the summed signal power.
16. A method for detecting a channel bandwidth for a
signal by a receiver, comprising the steps of:
determining a differential operator between carriers of the
signal, wherein a predefined number of samples of the
signal are transformed using a FFT transform, wherein
the determined differential operator is determined based
upon the FFT transformed samples of the signal,
wherein a first half of the FFT transformed samples of
the signal and a second half of the FFT transformed
samples of the signal are combined to determine the
determined differential operator, wherein the deter-
mined differential operator is summed (S ;) as fol-
lows:

SJWZE}FOS [k %y [k+32]%,

wherein the y[k] function is the FFT transformed samples of
the signal and the predefined number of samples of the signal
is equal to 64, and wherein the y[k+32]* function is a complex
conjugate of the y[k] function;
determining a signal power for the signal, wherein a pre-
defined number of samples of the signal are transformed
using a FFT transform, wherein the determined signal
power is determined based upon the FFT transformed
samples of the signal, wherein signal power values for
each of the FFT transformed samples of the signal are
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determined, wherein the signal power values are
summed, wherein the summed signal power values are
equal to the following:
S, =T R IH]),

wherein the y[k] function is the FFT transformed samples
of'the signal and the predefined number of samples of the
signal is equal to 64, and wherein the y[k]* function is a
complex conjugate of the y[k] function; and

detecting the channel bandwidth as a function of the deter- 1,
mined differential operator and the determined signal
power,

wherein the signal is processed by the receiver as a function
of the detected channel bandwidth,

wherein a quality value is determined as a function of the 5
determined differential operator and the determined sig-
nal power,

wherein the quality value is compared with one or more
predefined threshold values to determine the channel
bandwidth for the signal, 20

wherein the quality value (“Q”) is equal to the following:

 Sag - Sag
Tos,s, 25

and
wherein, S,,,is a summed differential operator, wherein
Sz 1s the conjugate of the summed differential opera-
tor, and wherein Sy is the summed signal power.

#* #* #* #* #*



